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Recently, we have demonstrated that cardiac-specific transgenic overexpression of a constitutively active mutant form of Zea maize Rac D (ZmRacD) gene resulted in increased myocardial Rac-GTPase activity and reactive oxygen species (ROS) generation in the transgenic mice (TG) of all ages (19) . Aging caused markedly higher levels of myocardial Rac expression and Rac-GTPase activity in ZmRacD transgenic mice (19) . Importantly, while normal at young age, with aging these TG mice develop a distinct cardiac phenotype manifested by cardiac hypertrophy, relative ventricular chamber dilation, and moderate systolic dysfunction (19) . Consistent with these findings, it has been reported that increased endogenous myocardial Rac/NADPH oxidase activity in aging rats causes cardiomyocyte hypertrophy and cardiac remodeling (57) . Interestingly, the activation of myocardial ZmRacD along with endogenous Rac expression with thyroxine treatment led to cardiac dilation and severe systolic dysfunction in young adult transgenic mice (19, 20) . Thus a potential molecular link exists between increased Rac activity and myocardial susceptibility to cardiac pathologies.
Myocardial ischemia-reperfusion (I/R) injury is associated with increased ROS, intracellular Ca 2ϩ overload, endothelial dysfunction, and altered myocardial metabolism (3, 10, 17, 42, 53, 58, 59) . Xanthine oxidase and the mitochondrial electron transport chain are important sources of ROS during reperfusion (4, 54, 60) ; there is also evidence that NADPH oxidase and the Rac1 pathway mediates ROS production during hepatic I/R (25, 41) . Increased expression of Rac1 and/or NADPH oxidases has been reported in animals and humans with myocardial infarction (MI), heart failure (HF), diabetes, oxidant stress, or inflammation (2, 18, 22, 33, (37) (38) (39) . Using different experimental models, it has been shown that adenoviral-mediated inactivation of Rac1 GTPase by transient expression of dominant negative Rac1 (N17Rac1) can protect a wide variety of cells including endothelial cells, vascular smooth muscle cells, fibroblast and ventricular myocytes from ROS-induced I/R injury (31, 41) . Recently, it has been reported that disruption of Rac1 signaling can reduce prolonged myocardial ischemia-induced Rac1 activity and I/R injury in mice (44) ; however, the impact of increased Rac proteins on impending or acute myocardial I/R injury is unknown partly due to the lack of an adequate animal model. Thus the question remains does expression of activated Rac in cardiac myocytes predispose the heart to enhanced I/R injury? Therefore, the present study was designed to determine the susceptibility of mice with or without cardiomyocyte-specific overexpression of active Rac on both in vitro and in vivo acute myocardial I/R injury, and its impact on postischemic cardiac function and MI. Mice. Details regarding the generation and characterization of ZmRacD transgenic (TG) mice have been described previously (19) . Briefly, the ␣MHC-RacD transgene was constructed using the cDNA of a constitutively active mutant of ZmRacD gene (28) and ␣-MHC promoter was used to induce selective overexpression of ZmRacD in myocytes of FVB/N wild-type (WT) mice. Each mouse was genotyped when it was weaned and only respective littermates served as control (WT). Experiments were performed in age-matched young adult mice (5-8 mo), and tail-clips were kept to reconfirm the genotypes. Most of the mice used in this study were males except six female mice.
MATERIALS AND METHODS

All
Echocardiographic evaluation of left ventricular function. In vivo cardiac dimension and contractile function was evaluated by transthoracic M-mode and two-dimensional (2-D) echocardiography under light isoflurane (0.5-1%) anesthesia as described previously (51) . Briefly, with a GE Vivid7 echocardiography system and intraoperative epicardial probe (model i13L; FREQ 14 MHz), the 2-D left parasternal short-axis view was used as a guide and LV M-mode tracings were obtained close to the papillary muscle. LV internal diameters at diastole and systole (LVIDd and LVIDs, respectively) were measured, and LV fractional shortening (FS) was calculated as FS (%) ϭ (LVIDd Ϫ LVIDs)/LVIDd ϫ 100.
Measurement of superoxide (O 2 ·Ϫ ) in the heart. In situ production of myocardial O2 ·Ϫ was assessed by oxidative fluorescent dye, dihydroethidium (DHE), as described previously (19) . The cell-permeable DHE is oxidized to fluorescent hydroxyethidine (HE) by O2 ·Ϫ and then intercalated into DNA. Briefly, hearts from WT and TG mice were placed immediately in ice-cold PBS, washed, and then embedded in OCT for cryosectioning. Frozen sections (6-m) from the hearts were incubated with DHE (10 M; Sigma-Aldrich) for 30 min at 37°C in a dark chamber. After PBS wash, sections were fixed with aqueous mounting medium (Gel Mount, Sigma) and images were obtained using a fluorescence microscope (Nikon TE 300, Tokyo). The red fluorescence intensity was determined using the MetaMorph image analysis software 7.1.2.0 (Molecular Devices).
In vitro myocardial ischemia-reperfusion. Hearts were isolated from age-matched mice of both strains as described previously (51, 52) . Briefly, mice were anesthetized with pentobarbital (50 mg/kg ip), and hearts were excised, aorta cannulated, and perfused in a Langendorff mode at a constant pressure of 80 mmHg with a modified Krebs-Henseleit buffer (KHB) equilibrated with 95% O 2-5% CO2 at 37°C. The constituents of KHB were (in mmol/l) 120 NaCl, 5.9 KCl, 25 NaHCO 3, 1.2 MgCl2, 2.5 CaCl2, 0.5 EDTA, and 16.7 glucose. A fluid-filled balloon was inserted into the left ventricle (LV) across the mitral valve and connected to a pressure transducer permitting continuous measurement of LV pressure (LVP). Hearts were immersed in a water-jacketed bath maintained at 37°C, and the LV balloon was filled with water to yield a left ventricular diastolic pressure of 3-6 mmHg. Coronary flow was continuously monitored via a Doppler flow probe (T206, Transonic Systems, Ithaca, NY) placed in the aortic perfusion line. Aortic and LV developed pressures were recorded on a PowerLab/400 multichannel data-acquisition system (ADInstruments; Castle Hill, Australia). The LVP signal was digitally processed (using PowerLab Chart software version 4.2, ADInstruments) to yield diastolic and systolic pressures as well as heart rate. LV developed pressure (LVDP) was calculated as the difference between systolic and diastolic pressures. Following 30 min equilibration, hearts underwent 20 min of global ischemia, followed by 45 min of reperfusion.
In vivo myocardial ischemia-reperfusion. In vivo myocardial I/R was performed as described previously (52). Briefly, mice were anesthetized with a mixture of intraperitoneal ketamine (55 mg/kg) and xylazine (15 mg/kg). After adequate anesthesia and aseptic preparations, the mouse was intubated and ventilated with room air by a MiniVent (Type 845, Harvard Apparatus). After opening the chest and visualizing the heart, the left anterior descending (LAD) coronary artery was ligated 2 mm below the tip of the left auricle by a 7-0 silk ligature. The rectal temperature of the mouse was maintained at 37°C by a thermo-heating pad. After 30-min LAD artery occlusion, the knot was released to start reperfusion, and reperfusion was confirmed by return of the pink-red color and motion of the anterior wall of the LV, and the chest was closed in layers. When mice resumed a normal breathing pattern and started to wake up, the ventilator was taken off and mice were transferred to a clean cage with free access to food and water.
Myocardial infarct size measurement. In vivo myocardial infarct size was measured at 24 h postreperfusion as previously described with slight modification (52). Mice were anesthetized, intubated, ventilated, and the chest opened along the previous incision line and the left main coronary artery religated at the same location as before. The aorta was cannulated and phthalo blue dye was injected into the aorta for visualization of the nonischemic zone. The area of the myocardium not stained with Evans blue was defined as the area at risk (AAR). The heart was then rapidly excised, wrapped in polyethylene wrap, and frozen for 10 min for hardening, serially sectioned along the short axis (1-mm thick) by a heart slicer, and incubated with 1% TTC (Sigma) for 15 min at room temperature for demarcation of the viable and nonviable myocardium within the AAR. Both sides of each myocardial slice were photographed, and the area of infarction, AAR, and nonrisk area were determined by computerized planimetry as above.
Western blot analysis. Western blots were performed to determine the relative cardiac expression of Rac1, gp91 phox , and Pak1 in both WT and TG mice as described previously (19, 20) . Briefly, hearts were homogenized and equal amounts (50 g) of protein extract were separated by SDS-PAGE on polyacrylamide gel. To detect ZmRacD protein levels, we used rabbit polyclonal antibody raised against human Rac1 (1:1,000; Santa Cruz) that cross-reacts with ZmRacD. Membranes were also incubated with specific antibody for gp91 phox (1:200; Santa Cruz) or PAK1 (1:1,000; Cell Signaling). Secondary antibodies (Santa Cruz) were goat anti-rabbit IgG-HRP (1:2000) for Rac1 and PAK1, and monkey anti-goat IgG-HRP (1:2,000) for gp91
phox . Antibody signals were detected by an enhanced chemiluminescence kit (Pierce), and GAPDH was used as an internal control for equal protein loading.
Data analysis. All results are expressed as means Ϯ SE. Data were analyzed either by two-tailed Student's t-test for paired data from the same experiment and unpaired data from different experiments or by ANOVA followed by Bonferroni post hoc test. Values of P Ͻ 0.05 were considered to be significant.
RESULTS
Verification of ZmRacD expression. Transgenic expression of ZmRacD was confirmed by tail biopsy genotyping and
Western blot analysis of cardiac homogenates. Consistent with the previous data (19) , PCR results demonstrated the distinct band of ZmRacD gene in the transgenic mouse, whereas no band was seen in the WT mouse (Fig. 1A) . Similarly, an increased level of ZmRacD protein was clearly evident in TG hearts compared with endogenous Rac1 protein in WT hearts (Fig. 1B) . To determine if ZmRacD expression resulted in increased baseline O 2 ·Ϫ generation, in situ myocardial O 2 ·Ϫ generation was determined. Consistent with the previous study (19) , there was significantly increased levels of myocardial O 2 ·Ϫ in TG mice compared with WT mice (Fig. 1C) . Table 1 summarizes morphologic and baseline in vivo cardiac parameters in adult WT and TG mice. Consistent with previous studies (19, 20) , there were no differences in the body weight (BW) between young adult (5-8 mo) WT and TG mice, and it was 30.7 Ϯ 0.9 g and 31.3 Ϯ 1.3 g in WT and TG mice, respectively (n ϭ 22/group, P ϭ NS). In vivo echocardiographic parameters between anesthetized WT and TG mice were comparable for ventricular dimensions and systolic LV fractional shortening between the two strains as reported (19, 20) ; however, heart rates in TG mice tended to be lower than WT mice (504 Ϯ 16 vs. 549 Ϯ 16 beats/min, n ϭ 10 -12/group, P ϭ 0.066).
General characteristics and baseline in vivo cardiac parameters of WT and TG mice.
Postischemic myocardial function following in vitro I/R. Table 2 summarizes baseline cardiac parameters in the isolated ·Ϫ generation with DHE in frozen sections and bar graphs for mean fluorescence intensity in arbitrary units. Total intensity in each heart was normalized where WT was assigned as 100%. Values are means Ϯ SE; n ϭ 4 -6/group. ***P Ͻ 0.001 vs. WT. Magnification, 40ϫ. Values are means Ϯ SE; n ϭ no. of animals. BW, body weight; bpm, beats/min; LVIDd, LV internal diameter at diastole; LVIDs, LV internal diameter in systole; LVPWd, LV posterior wall thickness in diastole; LVPWs, LV posterior wall thickness in systole; FS, fractional shortening. hearts. The ages of WT and TG mice used for isolated heart studies were 5.7 Ϯ 0.5 and 5.6 Ϯ 0.2 mo, n ϭ 6/group, respectively. Intrinsic heart rates were comparable between WT and TG hearts (304 Ϯ 11 vs. 296 Ϯ 8 beats/min, n ϭ 6/group); however, LVDP was significantly higher (ϳ46%) in TG hearts compared with WT hearts (150 Ϯ 9 vs. 103 Ϯ 8 mmHg, P Ͻ 0.01, n ϭ 6/group) with identical LV end-diastolic pressure (LVEDP) (3.2 vs. 3.1 mmHg, n ϭ 6/group). Similarly, rate-pressure product (RPP, 10 Ϫ3 mmHg/min) was significantly higher (ϳ42%) in TG hearts compared with WT hearts (44 Ϯ 2.5 vs. 31 Ϯ 3.2, P Ͻ 0.01, n ϭ 6/group). There was no significant difference in the baseline coronary flow between WT and TG mice (WT vs. TG: 13.4 Ϯ 1.4 vs. 14.7 Ϯ 0.1 ml·min Ϫ1 ·g Ϫ1 , n ϭ 6/group). Since the absolute baseline LVDP and RPP were different between the two groups, postischemic data were normalized to their respective preischemic values (PI or baseline, 100%). Figure 2 , A and B, shows time course for the recovery of LV systolic pressure (LVSP) and LVEDP in WT and TG hearts subjected to 20-min global ischemia and 45-min reperfusion. With reperfusion, postischemic LVSP was significantly impaired in TG hearts compared with WT hearts. However, recovery of LVEDP (an index of LV relaxation) was not affected in TG hearts, and LVEDP in WT and TG hearts after 45-min reperfusion was 11 Ϯ 1 and 8 Ϯ 2 mmHg, respectively, n ϭ 6/group. Importantly, postischemic recovery of heart rate was markedly reduced in TG hearts compared with WT hearts from their respective PI value. At 45-min reperfusion, postischemic heart rate was significantly reduced to 81 Ϯ 2% (P Ͻ 0.001; n ϭ 6) in TG hearts compared with 95 Ϯ 2% (P Ͻ 0.05; n ϭ 6) in WT hearts. Impaired recovery of global contractile function was consistently seen in TG hearts with significantly lower postischemic left ventricular developed pressure (LVDP; Fig. 2C ) and RPP (Fig. 2D) . Postischemic coronary flow at 45-min reperfusion in both WT and TG mice was not significantly different from respective baseline value, and it was 16.7Ϯ1.1 and 14.7Ϯ0.7 ml·min Ϫ1 ·g Ϫ1 in WT and TG hearts, respectively.
Myocardial infarction following in vivo I/R. To correlate ZmRacD overexpression with irreversible myocardial injury, myocardial infarct size was assessed following 30-min LAD ligation and 24-h reperfusion (Fig. 3) . The ages of WT and TG mice used for isolated hearts were 6.6 Ϯ 0.7 and 6.0 Ϯ 0.6 mo, n ϭ 5/group, respectively. While both WT and TG hearts exhibited comparable values for AAR/LV (Fig. 3B) , TG hearts had much larger infarct area (IA) compared with WT hearts (Fig. 3) . The calculated IA/AAR was 17 Ϯ 2% in WT hearts and 31 Ϯ 4% in TG hearts (P Ͻ 0.05, n ϭ 5/group). mammalian tissues (19, 28) . Our results showed significantly increased (ϳ1.8-fold) expression of NADPH oxidase subunit gp91 phox in the hearts of ZmRacD-TG mice compared with WT mice (Fig. 4A) .
Effects of ZmRacD expression on cardiac proteins. One important function of
Because Rac1 can modulate myocardial contractility by activating PAK1 (41), we investigated the relation of ZmRacD overexpression on endogenous PAK1 protein levels. Interestingly, there was a ϳ1.6-fold increase in the in situ expression of myocardial PAK1 proteins in TG mice compared with WT mice (Fig. 4B) .
DISCUSSION
The major goal of this study was to determine whether cardiomyocyte-specific overexpression of Rac has any effect on the susceptibility and outcome of myocardial recovery following acute I/R. In order to examine this question, we used a novel ZmRacD TG mouse model (19) without any overt cardiac phenotype, in which expression of total Rac protein is ϳ2-fold higher than WT hearts. The most striking finding is that when TG hearts were subjected to a sublethal in vitro I/R, they failed to recover and developed much more postischemic contractile dysfunction compared with the near-complete recovery in WT hearts. Importantly, in a clinically relevant model of acute in vivo regional myocardial I/R, TG mice were more susceptible to postischemic injury with significantly larger myocardial infarction. Our results showed that constitutive expression of ZmRacD in the hearts results in concomitant increased expression of NADPH subunit gp91 phox , O 2 ·Ϫ , and increased expression of PAK1. This is the first report that demonstrates the deleterious effects of increased myocardial Rac expression where it converts reversible in vitro myocardial stress into irreversible persistent myocardial dysfunction and exacerbates in vivo myocardial injury following an acute lethal I/R. Thus under pathophysiological conditions of increased Rac activity even without an overt cardiac phenotype, the heart might be at the risk of increased I/R injury.
Effects of small GTP-binding protein expression on the heart. The small GTP-binding protein Rac1 of the Rho subfamily has been implicated in various cardiovascular disorders including vascular dysfunction, hypertension, and cardiac hypertrophy (12, 27, 29, 35, 55) . Increased expression and/or activity of Rac1 were demonstrated in the blood vessels of diabetic rats (55) and in human saphenous vein smooth muscle cells secondary to thromboxane A 2 analogue (38) . Importantly, Rac1 has been reported to play an important role in platelet aggregation stimulated by atherosclerotic plaque in humans (18) . In patients with ischemic or dilated cardiomyopathies (37) and atrial fibrillation (2), increased NADPH oxidasedependent O 2 ·Ϫ is reported to be coupled with increased myocardial Rac1 expression and Rac1-GTPase activity. Recently, genome-wide association analysis of coronary heart disease has implicated Rac1 as a potentially important gene in the pathophysiology of the disease (14) .
We have also shown that the constitutive overexpression of Rac1 in smooth muscle cells results in increased vascular O 2 ·Ϫ generation, hypertension and mild cardiac hypertrophy in transgenic mice (27) . However, our novel ZmRacD-TG mouse model (19, 20) is unique compared with Rac1 TG model (49), because, ZmRacD TG mice gradually develop cardiac phenotype with aging and provide an executable window to investigate the pathological conditions involved in the progression of Rac-induced cardiovascular diseases. At basal levels of transgene expression, increased myocardial Rac expression, Rac-GTPase activity and oxidative stress were present in all transgenic mice (19) ; but only the older mice (Ͼ18 mo of age) exhibited cardiac hypertrophy and a moderate decrease in systolic function. This cardiac phenotype in older mice compared with young adult mice (8 mo) was attributed to the additional age-associated stress in the form of enhanced expression of transgenic as well as endogenous Rac (19) . Because in the ZmRacD TG mouse model elevated levels of Rac expression induce cardiac hypertrophy, LV dilation, and systolic dysfunction only after 18 mo of age (19), we chose to study young adult mice (5-8 mo of age) for the effect of increased myocardial Rac on acute myocardial I/R injury.
In agreement with our previous studies (19, 20) , there was no difference in BW between young adult WT and TG mice, and in vivo baseline cardiac function measured by echocardiography was similar in both strains (Table 1) . However, in vitro perfused TG hearts displayed an increased baseline cardiac contraction (Table 2) . Of note, markedly increased LVDP with similar perfusate calcium has been reported in phospholamban knockout (13) hearts compared with WT hearts. Interestingly, phospholamban knockout mice were susceptible to myocardial I/R injury (13), whereas SERCA1a overexpressing mice were resistant to myocardial I/R injury (52). While we cannot rule out that unrecognized adaptations have occurred in our TG mice, the increased cardiac contraction in isolated hearts is likely related to the intrinsic effects of myocardial ZmRacD gene. Recent evidence suggests that P 21 -activated kinase (PAK) is an important effector of Rac1 (6) and PAK regulates cell contractility via myofilament activity and Ca 2ϩ fluxes through distinct mechanisms (35, 46) . Rac1-activated PAK1 has been reported to increase the Ca 2ϩ sensitivity of cardiac muscle fiber bundles in rats involving phosphorylation of troponin I (11). TG hearts had increased levels of PAK1 ( Figure 4B ) concurrent with increased myocardial total Rac1 ( Figure 1B) ; thus, it is possible that increased baseline cardiac contraction in isolated TG hearts, in the absence of neurohormonal influence, is related to PAK1-mediated increased Ca 2ϩ sensitivity and myocardial contraction.
Small GTP-binding proteins and I/R injury. I/R injury still remains a major concern in acute MI, cardiac transplantation, balloon angioplasty, and coronary artery bypass surgery (10, 56) . Small GTPases of Rho family have been reported to modulate oxidant production in response to both in vitro and in vivo hypoxia/reoxygenation in various noncardiac cells or organs (25, 31, 41) . Myocardial I/R triggers an extreme situation of cardiac oxidative stress (16, 60) . Our data demonstrate that even with a reversible model of I/R insult (stunning), postischemic recovery of both cardiac inotropy and chronotropy was markedly attenuated in TG mice ( Fig. 2 and Table 1 ), i.e., these mice showed increased susceptibility to I/R injury. Here, it is noteworthy that PAK1 activity is increased by hypoxia/reoxygenation in cultured cardiomyocytes (43) and PAK1 can blunt ␤-adrenergic pacemaker activity in myocardial cells (30) . Increased susceptibility with stunning was consistently observed in a clinically relevant model of acute in vivo I/R where MI was significantly larger in TG mice (Fig. 3) .
Thus these striking differences between WT and TG hearts with both stunning and infarction models clearly indicate that increased expression of ZmRacD renders the heart more susceptible to stressful conditions. Myocardial stunning is a reversible phenomenon where postischemic myocardial function can recover to near preischemic levels upon reperfusion. The pathogenesis of myocardial stunning includes two principal theories, oxyradical hypothesis and calcium hypothesis (7, 8, 24) . In TG hearts, the recovery of LVSP, LVDP, and RPP were significantly reduced with a reversible myocardial insult (Fig. 2) , and the postischemic heart rate was markedly lower compared with WT hearts. The mechanisms of myocardial contraction include intracellular Ca 2ϩ mobilization and Ca 2ϩ concentration, Ca 2ϩ binding to troponin C triggering cross-bridge cycling, Ca 2ϩ sensitivity of the myofilaments and maximum Ca 2ϩ -activated force (5, 21, 34) . There was no impairment in the diastolic function (LVEDP) between two strains, an indication that intracellular Ca 2ϩ mobilization and Ca 2ϩ load was not impaired, indicating that the reduced postischemic contractile function might be due to altered myofilament responsiveness to calcium. The role of oxidant stress as the principal initiator of myocardial stunning is well reported with a decrease in Ca 2ϩ -induced activation of the myofilaments (32, 44) . Recently, it has been reported that I/R-induced increase in myocardial Rac1 activity in mice was associated with increased NADPH oxidase activity and ROS generation (44) . Deficiency of myocardial Rac1 or an inhibitor of Rac1 decreased NADPH oxidase activity and ROS generation in parallel with the improvement of postischemic function and myocardial infarction (44) . Importantly, Rac1-induced activation of myocardial NADPH oxidase has been shown to increase mitochondrial ROS production and myocardial dysfunction (47, 50) . With increased myocardial Rac (Fig.  1) , TG mice exhibited increased myocardial Nox2 (gp91 phox ) and ROS (Fig. 4) ; and under stress conditions, these may lead to increased myocardial oxidative stress and I/R injury as reported for diabetic mice with increased myocardial Rac1 activity (44) . Thus postischemic inotropic and chronotropic dysfunction observed in TG hearts may involve diverse signaling pathways including oxidative stress and/or dysregulation of PAK1-mediated myocardial contractility.
Implications of small GTPase modulation in postischemic myocardial recovery. Involvement of small GTP-binding proteins has been consistently reported in endothelial dysfunction, atherosclerosis, hypertension, and cardiovascular events in both animals and humans (2, 9, 12, 27, 35-37, 49, 55) . Importantly, cardiac-specific overexpression of a constitutively active form of human Rac1 in transgenic mice resulted in cardiac hypertrophy and demonstrated rapid-onset of cardiac phenotype and high postnatal mortality rate within weeks of birth (49) . The ZmRacD mouse model (19) is unique compared to the Rac1 model (49) , because it shows normal cardiac function at low workload but develops severe cardiac dysfunction with stress. The ZmRacD mouse model (19) has increased myocardial Nox2 expression, and increased Nox2 expression has been reported in human cardiomyocytes following acute MI (33) . Moreover, in line with the established role of the catalytic unit gp91 phox and Rac1 in the activation of NADPH-oxidase activity, both gp91 phox and ZmRacD expressions were increased in our model. Importantly, the ZmRacD mouse model has the advantage as it provides a platform to investigate the role of increased Rac protein in different pathophysiological conditions in the absence of overt cardiac phenotype; and so far, this is the first study to demonstrate that hearts with increased Rac expression are at greater risk to develop postischemic cardiac injury that in the clinical setting would be expected to lead to greater morbidity and mortality. Myocardial NADPH activity is reported to be high in the post-MI hearts of animals and humans (2, 22, 33) ; thus, it is possible that conditions with preexisting increased myocardial Rac would lead to aggravation of post-MI function and remodeling. Of note, increased expression and activity of Rac1-GTPase activity is reported in patients with atrial fibrillation (2) and HF (37); hence, the results of the current study would suggest these patients to be susceptible to more severe I/R injury. While the underlying cellular and/or molecular mechanisms of increased Rac-mediated postischemic myocardial dysfunction, injury and remodeling remain to be fully delineated in a long-term follow-up study, based on the current study, the possible cascade of events linking activation of Rac signaling pathways following myocardial I/R to the deleterious effects on postischemic myocardium can be considered as depicted in Fig. 5 .
In conclusion, the present study with a novel animal model provides clear direct evidence that overexpression of Rac protein, independent of any cardiac phenotype, renders the heart more susceptible to subsequent postischemic myocardial dysfunction and infarction, and thus, indicates a potential molecular link between increased Rac activity and myocardial susceptibility to acute I/R injury.
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